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$n$ ,p . $\lambda=(\lambda_{1}, \lambda_{2}, \ldots, \lambda_{f})$ $n$
,\mbox{\boldmath $\lambda$}1 $\geq\lambda_{2}\geq\cdots\geq\lambda_{f}$ , $n$ .\mbox{\boldmath $\lambda$}d $\neq 0$
$\lambda_{d+1}=0$ ,d $=d(\lambda)$ . ,\mbox{\boldmath $\lambda$},+1 $=\cdots=\lambda_{i}+p>0$
$i\geq 0$ ,\mbox{\boldmath $\lambda$} singular $p$-singular ,p-regular
$P(n)$ $n$ , $P$-regular
$P(n)^{0}$ . $P(n)$ dominance order $\underline{\triangleleft}$ .
$\lambda,$ $\mu\in P(n)$
$\lambda\underline{\triangleleft}\mu\Leftrightarrow\lambda_{1}+\lambda_{2}+\cdots+\lambda_{i}\leq\mu_{1}+\mu_{2}+\cdots+\mu_{i}$ for all $i\geq 1$ .
$\lambda$ , $i$ $\lambda_{i}$
,[\mbox{\boldmath $\lambda$}] . , $i$ , $i$
$\mathrm{A}(i$ , ,A A (arm),A
(leg) A , $[\lambda]$ $(i,j)- \mathrm{h}_{0}\mathrm{o}\mathrm{k}$
, hook length ,hij(\mbox{\boldmath $\lambda$}) $h_{ij}$
( 1 . )
$0$ hook bar( ), $0$ hook pillar( )
( , ) A hook length $h_{ij}(\lambda)$ A
(rim) .
$[\lambda]$ $(i,j)$-rim hook .
1. $h_{22}=7$ . + $(2,2)$-rim hook .
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$G=S_{n}$ $n$ ,L $\lambda\in P(n)$ ,Specht module
$LG$-module $S^{\lambda}$ , .
(1.1) Char $L=0$ ,S” , $\{S^{\lambda},, \lambda\in P(n)\}$ LG-
modules .
(1.2) Char $L=p$ ,\mbox{\boldmath $\lambda$} $\in P(n)^{0}$ ,D” $=S^{\lambda}/\mathrm{r}\mathrm{a}\mathrm{d}(s^{\lambda})$ ,
$\{D^{\lambda} ; \lambda\in P(n)^{0}\}$ $LG$-modules . ,S\mbox{\boldmath $\lambda$}
$D^{\mu}$ $d_{\lambda\mu}(\mu\in P(n)^{0})$ , :
(1) $d_{\lambda\mu}\neq 0$ $\lambda\underline{\triangleleft}\mu$ (2) $d_{\mu\mu}=1$ .
$(1.3)(\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{r}L=p)\lambda\in P(n)^{0}$ ,Sl (i.e., $S^{\lambda}=D^{\lambda}$ )
,\nu p(h\mapsto $=$ }$\ovalbox{\tt\small REJECT}_{p}(h_{kj})$ $i,j,$ $k$ .
, 1 $\lambda=(5,5,4,4,3)$ ,\mbox{\boldmath $\lambda$} $=(5^{2},4^{2},3)$ .
2.
(1) $(n)$ dominance order $P(n)$ , $S^{(n)}$ 1
.
(2) $\lambda=(1^{n})$ ,Sl $L_{\mathrm{a}}$ Char $L=P$ ,n $\geq P$
$\lambda$
$P$-regular , $D^{\lambda}$ .
,n $=(p-1)k+e(0\leq e<p-1)$ ,\mu $=((k+1)^{\mathrm{e}}, k^{p1-}-e)$ ,
$\mathrm{P}$-regular ,D\mu $=L_{\mathrm{a}}$ .
2
$\lambda\in P(n)$ $a,$ $b,$ $c(a<b)$ $\lambda(a, b, c)$
$;[\lambda]$ $(b, c)$ -rim hook $(\mathrm{u}\mathrm{n}\mathrm{W}\mathrm{r}\mathrm{a}\mathrm{p}),[\lambda]$ $a$ rim
$h_{b\mathrm{c}}(\lambda)$ 1 $\langle$ $(\mathrm{w}\mathrm{r}\mathrm{a}\mathrm{p})$ . $n$
( ) , $\lambda(a, b, c)$
,\mbox{\boldmath $\lambda$} branch .
3. , $(5,2)$-rim hook ,3
$\lambda(3,5,2)$ .
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1 branch $\mathrm{J}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{s}[3]$ . branch
.
2. $\lambda\underline{\triangleleft}\lambda(a, b, c)$ .
Char $L=p$ Specht module $S^{\lambda}$ ( $\mathrm{I}\mathrm{B}\mathrm{r}(s^{\lambda})$
)
Carter-Payne $\lambda$ $\lambda(a, b, c)$ , rim hook
rim hook bar $\lambda(a, b_{C},)$ $\lambda$ bar tyPe branch
. ,pillar tyPe branch .
1 (Carter and $\mathrm{p}_{\mathrm{a}\mathrm{y}\mathrm{n}\mathrm{e}}[1|$ ) $.\lambda(a, b, c)$ $\lambda(\in P(n))$ bar( $\mathrm{p}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{r}$ resp ) $\mathrm{t}\mathrm{y}\mathrm{P}^{\mathrm{e}}$ branch
, $e=\nu_{p}(h_{a\text{ }})$ . bar( $\mathrm{p}\mathrm{i}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{r}$ resp) hb ,pe $>h_{b}$
, :
$\mathrm{H}\mathrm{o}\mathrm{m}_{G}(s\lambda(a,b,C), S^{\lambda})\neq 0$ .
$\lambda(a, b, c)\in P(n)^{0}$ ,DA(a,b,c) $\in \mathrm{I}\mathrm{B}\mathrm{r}(\mathrm{s}^{\lambda})$ .
Carter and $\mathrm{P}\mathrm{a}\mathrm{y}\mathrm{n}\mathrm{e}[1]$ ,bar type
,pillar type ,bar lift .
$[\lambda’]$ $[\lambda]$ ,S* $S$ dual
(2.1) $(\mathrm{J}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{s}[2])$ $S^{\lambda’}\otimes L_{\mathrm{a}}\simeq(S^{\lambda})^{*}$ .
$\lambda(a, b_{C},)$ , rim-hook rim-hook
$l(a, b, c)$ $LG$ Grothendieck group ,
.
(2.2) $\Sigma_{C}\Sigma_{a<b}(-1)l(a,b,C)(\iota \text{ _{}p}(haC)-\nu_{p}(hbc))S^{\lambda}(a,b_{C)},D^{\mu}=\Sigma_{\mu}\in P(n)^{0O_{\lambda}}\mu\cdot$
Grothendieck group Z $\{D^{\mu};\mu\in P(n)^{0}\}$
$(\alpha_{\lambda\mu}\in Z)$ . .
2(Jantzen-Schaper,cf.James and $\mathrm{M}\mathrm{a}\mathrm{t}\mathrm{h}\mathrm{a}\mathrm{S}[4]$ ) $\mu\in P(n)^{0}$ .
(1) $\lambda\in P(n)$ ,\alpha \mbox{\boldmath $\lambda$}\mu $\geq 0$ ;
(2) $\lambda\neq\mu$ ,d\mbox{\boldmath $\lambda$}\mu $\leq\alpha_{\lambda\mu}$ , , $d_{\lambda\mu}\neq 0\Leftrightarrow\alpha_{\lambda\mu}\neq 0$ .
$n$ $\mu$ ,\mbox{\boldmath $\lambda$}\rightarrow \mu ,\mbox{\boldmath $\lambda$} $=\mu$ $\mu$
$\lambda$ branch . ,
.
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(2.3) $\Gamma_{\lambda}=\{\lambda(a, b, c);\nu_{p}(h)aC\neq\nu_{p}(h_{b})\mathrm{C}\}$ ;
(2.4) $m_{\lambda}(S^{\lambda(a,b,c}))--(-1)^{l(a,b,)}\text{ }(\nu(pha\mathrm{C})-\nu p(h_{bc}))$ .
.
3.
(1) $\mathrm{I}\mathrm{B}\mathrm{r}(S^{\lambda})\subset\{D^{\mu};\lambdaarrow\mu, \mu\in P(n)^{0}\}$;
(2) $\tilde{\lambda}\in\Gamma_{\lambda}^{0}$ 2 $\text{ },D^{\tilde{\lambda}}\in \mathrm{I}\mathrm{B}\mathrm{r}(s\lambda)$ .
(i) $m_{\lambda}(s^{\tilde{\lambda}})>0$ ;
(ii) $\delta\in\Gamma_{\lambda}$ $\delta\underline{\triangleleft}\tilde{\lambda}$ ,m\mbox{\boldmath $\lambda$}(S\mbox{\boldmath $\delta$}) $>0$ .
(3) $\mu$ $\Gamma_{\lambda}$ dominance order $\circ$ $\mu$ p-
regular ,D\mu \in IBr(S\mbox{\boldmath $\lambda$}) .
[ ](1) (12)-. (2.2) dominance order
.
(2) $(2.2)^{\text{ } _{ } },D^{\tilde{\lambda}}$ $S^{\delta}(\delta\in\Gamma_{\lambda})$ ,\mbox{\boldmath $\delta$} $\underline{\triangleleft}\tilde{\lambda}$
, $m_{\lambda}(S^{\delta})>0$ , $m_{\lambda}(S^{\tilde{\lambda}})S\tilde{\lambda}$ $D^{\overline{\lambda}}$ (2.2)
. ,\alpha \mbox{\boldmath $\lambda$}\mbox{\boldmath $\lambda$}\tilde $\neq 0$ 2 $d_{\lambda\tilde{\lambda}}\neq 0$ .
(3) ,\alpha )\mu $=m_{\lambda}(S^{\mu})$ , $0$ .
,d\mbox{\boldmath $\lambda$}\mu \neq 0.
2 , $\mu\in\Gamma_{\lambda}^{0}:=\Gamma_{\lambda}\cap P(n)^{0}$ $D^{\mu}\in \mathrm{I}\mathrm{B}\mathrm{r}(s^{\lambda})$
. .
4. $\lambda\in P(n)^{0}$ $S^{\lambda}$ , 3(2) 2
$\tilde{\lambda}\in\min\Gamma_{\lambda}^{0}$ $D^{\tilde{\lambda}}\in \mathrm{I}\mathrm{B}\mathrm{r}(s^{\lambda})$ ($\min X$ $X$
( $\underline{\triangleleft}$ ) )
diagram chasing arguments ,
. .
Step $1.\lambda$ ( ) 1 $\lambda_{1}’$ , $\mu$ ,\mu
$n-d(\lambda)$ . ,\mbox{\boldmath $\lambda$} $=(\lambda_{1}’, \mu)$ . ,S\mu
,\Gamma \mbox{\boldmath $\lambda$} regular . , 3 4
.
Step 2. $S^{\mu}$ $n$ ,\mu
$\tilde{\mu}$ . , $($ \mbox{\boldmath $\lambda$}’1’ $\tilde{\mu})$ $P$-regular , $\tilde{\lambda}$ ,
.
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Step 3. ,\mu \tilde $(\lambda_{1}’,\tilde{\mu})$ $P^{\frac{-}{}\sin}\mathrm{g}\mathrm{u}\mathrm{l}\mathrm{a}\mathrm{r}$ .\mbox{\boldmath $\lambda$} $=$
$(1^{\gamma}, 2S, \cdots)$ ,r $=p-1$ ,r $\leq p-2$ .
4 , $\mu\in\Gamma_{\lambda}^{0}$ $D^{\mu}\in \mathrm{I}\mathrm{B}\mathrm{r}(s^{\lambda})$
, . , , $\mu$
. ,
.
$\lambda$ regular $S^{\lambda}$ . $\min\Gamma_{\lambda}^{0}$ $\mu$
,D\mu \in IBr(S\mbox{\boldmath $\lambda$}) ?
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